Physical activity, diet, and alcohol and tobacco use are all related to the development of obesity, diabetes, coronary heart disease, osteoporosis, and cancer. We examined the distribution of measures of these behaviors in a cohort of individuals born in four villages in Guatemala between 1962Guatemala between and 1977Guatemala between and who were 26-41 years old in 2003 Response rates to the instruments averaged 80% of cohort members known to be living in Guatemala. Physical activity levels were moderate, and were lowest among migrants to Guatemala City. Dietary habits reflect early phases of the nutrition transition, with high carbohydrate and moderate fat intakes. Migrants to Guatemala City reported higher intakes of meat and of dairy products, while those remaining in or near the original study villages reported higher consumption of tortillas and of vegetables and fruits. One-third of men reported consuming alcohol and 42% were current smokers. Very few women reported alcohol or tobacco use.
Introduction
It is increasingly recognized that many developing countries are in the midst of an epidemiologic transition from a situation in which communicable diseases are a leading cause of morbidity and mortality to one where non-communicable diseases dominate [1] . In fact, non-communicable diseases now account for most deaths that occur in the developing world [2] . The simultaneous nutrition, epidemiologic, and demographic transitions have led to worldwide increases in the prevalence of overweight and obesity [3] , diabetes [4] , and cardiovascular disease [5] .
Four sets of behaviors (physical activity, diet, alcohol consumption, and tobacco use) have been closely related to the development of several chronic diseases [6, 7] . Of these, the strongest evidence exists for tobacco use, which is related to several cancers and to coronary heart disease [7] . Energy balance is the major determinant of overweight and obesity, which are related to risk of diabetes, coronary heart disease, and some cancers [6] . Sedentary lifestyle is also an independent risk factor for cardiovascular diseases, diabetes mellitus, osteoporosis, and a few types of cancer [8] . Individual components of the diet have been related to a wide range of outcomes [9] . Moderate alcohol intake, while likely protective for coronary heart disease is nevertheless of concern due to the potential for abuse and intoxication and probable associations with liver and other cancers [9] .
Surveillance of the distribution of behaviors that affect risk of disease across populations and over time is a key step in predicting the emergence and impact of future disease, especially in populations as yet too young to manifest clinical symptomatology. Understanding the descriptive characterization and determinants of such behaviors will aid program planners in developing appropriate policies and interventions. In this paper we present the relationship of demographic characteristics, parental socioeconomic status (SES) in childhood and current residential status to the prevalence of four behaviors-physical activity, diet, alcohol consump-Physical activity level, dietary habits, and alcohol and tobacco use among young Guatemalan adults S79 tion, and smoking-among members of a cohort of Guatemalan men and women originally born in one of four villages and studied between 1969 and 1977. A parallel paper in this volume considers the prevalence of biomarkers of risk in this same population [10] .
Methods
Individuals selected for this study were born in one of four villages in El Progreso Department, Guatemala, between 1962 and 1977 and had participated between 1969 and 1977 as children in a longitudinal study of nutrition supplementation. Full details of the intervention trial and subsequent rounds of follow-up have been described elsewhere [11] . The present round of follow-up, called the Human Capital Study, was conducted between 2002 and 2004; the cohort was between 26 and 41 years of age in 2003. Full details of participant tracing and recruitment are presented in Grajeda et al [12] . Briefly, of 2,393 individuals in the cohort, 272 (11.4%) had died, 102 (4.3%) were lost to follow-up, and 163 (6.6%) had left the country, resulting in 1,856 individuals living within Guatemala eligible for followup. Eligible individuals were contacted at their homes and invited to participate in a series of interviews and physical examinations. In the study villages these were administered over multiple sessions spread over 1 year, while for individuals living outside the study villages all data collection was completed in one or two sessions.
Physical activity
Respondents were asked to complete an activity recall for a typical workday, including periods of sleeping, transition to work, work, and leisure. The respondent was asked for the type and duration of any primary and secondary occupations, which might occur on the same day or on different days. The questionnaire was based on one developed for a previous follow-up of these subjects [13] , modified to include greater emphasis on the child-care and domestic duties of women. The questionnaire took 20-30 minutes to administer.
All forms of activity were converted to metabolic equivalents (METS), which are multiples of the basal metabolic rate (BMR), an estimate of baseline minimal energy expenditure [14, 15] . Overall 24-hour physical activity level (PAL-24) of a typical workday was calculated by integrating these metabolic equivalents over the durations of activity. We note that the algorithm we used is modified from that used in prior publications. Differences occur owing to changes in the way leisure-time activity is accounted for, the metabolic equivalent values assigned to specific activities, and the assumptions regarding the relative PAL contribution of the primary and secondary occupation. We defined low physical activity as PAL-24 levels less than 1.66 (men) and 1.60 (women) METS [14] .
The reproducibility of the physical activity questionnaire has been ascertained by repeat administration to 17 men and 16 women living in the study villages (mean interval between administrations 4 weeks) who had not changed primary occupation. Mean PAL-24 (calculated using the original algorithm) did not differ across administrations (first: 1.64 ± 0.21 METS, range 1.23-2.05; second: 1.61 ± 0.22 METS, range 1.25-2.12) [16] . The linear correlation between administrations was 0.91(p < .01). The reproducibility of the instrument has not been assessed in urban populations, and the validity of the questionnaire against an objective measure of physical activity has not been assessed.
Dietary habits
Dietary intakes of 52 foods commonly eaten in Guatemala were ascertained using a food frequency questionnaire developed as part of an earlier study in this population [13, 17] . Respondents were asked to report how often they consumed a given food in terms of occasions per day, week, month, or year, and how many servings they consumed per occasion. Openended questions allowed for inclusion of seasonal foods (especially fruits and vegetables) and foods that might not be widely consumed. The time reference was the past 3 months. We converted the frequency of consumption of each food to servings per day. We summed these frequencies across foods within selected food groups, namely vegetables and fruits, dairy products, and meats. Given our interest in the nutrition and epidemiologic transition, an additional category called "transitional" foods was created and included foods likely to be markers of a diet undergoing the nutrition transition, including hamburgers, cake, ice cream, candies or chocolates, pizza, hot dog or other sausage, and potato chips and other snacks. Intakes of foods and food groups were represented as servings per 1000 kilocalories (kcal). By normalizing intakes in terms of servings per 1000 kcal, we take into account any systematic tendencies to over or under-report food intakes, though not differential misreporting by food type [18, 19] .
To estimate nutrient intakes we multiplied the servings per day of each food by the weight of a standard serving size (as ascertained in previous studies using 24-hour dietary recalls in this population), and obtained the contribution of the food to total nutrient intake by matching individual line items to food items in the INCAP nutrient composition database. This table is based on direct analysis of foods commonly consumed in Guatemala [20] , supplemented with data from the US Department of Agriculture databases [21] . We then summed the nutrient intakes over all foods to derive total daily intakes. In this approach, missing data for a nutrient are converted to zero. We compared S80 energy intakes to the expected energy requirements given the respondents' age, sex, weight, and PAL using published equations [22] . We computed the contribution of the macronutrients (protein, carbohydrate, and total, saturated, monounsaturated, and polyunsaturated fat) to total energy. We note that nutrient intakes from the food frequency questionnaire used in this study have been validated against three 24-hour dietary recalls in a group of men and women living in the same four villages [17] . That study showed correlations between the food frequency and the mean of the three dietary recall estimates of intakes of absolute macronutrient intakes to be in the range 0.63-0.71, with the food frequency estimates for total energy being higher by 361 kcal (17.4%) than those for the dietary recalls. Correlation coefficients for energy-adjusted macronutrient intakes were 0.22 for protein, 0.66 for carbohydrate, and 0.70 for fat. The two methods provided substantial agreement with respect to the contribution to total energy intake of a wide range of foods and food groups, with tortillas and bread being the major sources of energy. The instrument has not been validated in urban populations.
Alcohol
Alcohol intake was estimated from responses to two items on the food frequency questionnaire relating to beer and to liquor consumption. Individuals were classified as consumers if they reported any consumption in the past three months. Servings per day were estimated separately for beer and for liquor. Wine consumption was not ascertained as it is not widely consumed in Guatemala.
Smoking
Tobacco use was ascertained during the clinical examination using a standardized questionnaire. We characterized individuals as current smokers or non-smokers (the latter includes also former smokers), and for current smokers the number of cigarettes smoked per day was calculated from answers to questions concerning the number of smoking days per week and the number of cigarettes per smoking day.
Statistical analyses
Means and SDs were calculated by sex, birth year, current residence of the respondent (categorized as living in or near the original village, in Guatemala City, or elsewhere in Guatemala), and SES of the respondent's parental household in 1975 (categorized as tertiles of the distribution of the first component of a principal components analysis model incorporating measures of household assets [23] ). All analyses were stratified by respondent sex. For each analysis, we tested for heterogeneity of the distributions through analysis of variance (for continuous variables) or the chi-square test (2-tailed) for categorical variables (p < 0.01 was used to assess significance).
Results
The response rate for this component of the survey was 80% with 1,486 individuals completing the food frequency questionnaire and 1,487 respondents completing the physical activity questionnaire. The clinical examination including the tobacco module was completed by 1,349 individuals (73%). As with all modules, completion rates were highest among residents of the study villages (close to 90% response rate), and were lower (~ 60%) among migrants. Overt refusal rates were low, the primary reason for noncompletion among migrants being a failure to establish contact [12] .
Physical activity and energy intake
The PAL-24 of the men (mean 1.67 ± 0.27 METS) was higher than that of the women (1.44 ± 0.09 METS; p < .01; table 1). This difference was also apparent when waking-time physical activity level was considered (men: 2.51 ± 0.46 METS; women: 2.21 ± 0.17 METS; p < .01). In men, physical activity level was more variable compared with women (test for heterogeneity of variances p < .01 for both 24-hour and waking time). In men, PAL-24 did not vary by period of birth (births 1962-68 as compared with births 1969-77; p > .5) while women born from 1962-68 reported higher PAL-24 
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(1.45 ± 0.10 METS) as compared with women born from 1969-77 (1.43 ± 0.09 METS; p < .01); there was no difference in waking-hours physical activity level in men or women (p > .3). In men, physical activity level was higher in those resident in the study villages and was lowest among those resident in Guatemala City; men whose parents were in the upper SES tertile in 1975 reported lower physical activity levels than other men. There were no differences by residence or parental SES among women (table 2). Just over one half of men (53.6%), and almost all women (94.3%) had a PAL-24 equivalent to very light or light activity. The prevalence of low physical activity was highest among men from households in the upper tertile of parental SES in 1975 (67%) and those living in Guatemala City (82%). Year of birth was not associated with prevalence of low physical activity level in men. Conversely, in women the prevalence of low physical activity level increased from 92% among births in 1962-1965 to 98% among women born in 1974-1977. Among women there was no variation in prevalence of low physical activity level by village of birth, place of residence, or parental SES in 1975.
The higher total physical activity of men as compared with women was attributable in part to both the activity level of the primary occupation and time spent walking. Men had a wider range of primary occupations, many of which entail exertion of over 2 METS. The main occupation of the women in this cohort was household chores and child care (76%), with an assigned value of 1.7 metabolic equivalents. Just over two-thirds of men reported engaging in their primary occupation on 6 or more days per week, whereas 88% of women reported engaging in their primary occupation on 7 days per week. Men currently living in the village of their birth or in nearby villages and men with low or median parental SES in 1975 tended to have more physically demanding primary occupations (see also Hoddinott et al. [24] ), while no association of activity level of the primary occupation was found with village of birth or year of birth (not shown).
Men also reported spending more time walking (16.6 ± 24.5 minutes per day) than did women (6.7 ± 13.0, minutes per day; p < .0001). For men, reported walking time was primarily time spent commuting to and from their primary and secondary occupations. Relative to men, women were less likely to be engaged in wage employment and more likely to operate their own home-based businesses; hence, commuting time is, on average, less for women. Men living in the study villages spent more time walking than did men living elsewhere, and men born in Santo Domingo reported more walking than men born elsewhere, while year of birth and parental SES in 1975 were not related to time spent walking. In women, time spent walking was not related to village of birth, year of birth, current residence, or parental SES in 1975.
Overall reported energy intakes were 41% higher for men (mean 3,182 ± 981 kcal/day) than for women (2,256 ± 712 kcal/day; p < .01 by t-test; table 1). Much of this difference was attributable to differences in body weight and PAL. Men reported 440 (13.8%) kcal/day and women reported 286 (12.7%) kcal/day over and above energy requirements as estimated from weight and PAL. Reported energy intakes did not vary by birth year group (p > .5 for men and for women) or by parental SES in 1975 (table 2). Energy intakes tended to be lower among residents of Guatemala City and higher among residents of the study villages (p = .04 and p = .09 for heterogeneity across current residence status for men and for women, respectively; table 2).
Nutrients and foods
Parallel to the larger absolute intakes of energy, absolute intakes of individuals foods were considerably higher in men compared with women (not shown), contributing also to an overall reported higher absolute intake of macronutrients and of energy among men. A more complex pattern emerges once intakes are expressed as servings per 1000 kcal (table 3) , with much smaller differences between men and women. As a proportion of their total intake, men report consuming less bread but more tortillas, more "transitional" foods and soda, but less dairy products, meat, and fruits and vegetables (all p < .01).
The macronutrient composition of the diet is characterized by moderate protein intakes (12% of energy), a heavy reliance on carbohydrates (69%-70% of energy), and moderate intakes of fat (18%-19% of energy). The differences in macronutrient composition between men and women were small (p < .01 for carbohydrate and protein, p > .1 for fat). The fat intake is approximately equally distributed among saturated, monounsaturated, and polyunsaturated fats.
Food consumption and nutrient density of the diet did not vary across year of birth among either men or women, except for consumption of "transitional" foods, which were more frequently consumed by men born from 1969-77 (0.4 ± 0.5 servings per 1000 kcal per day) as compared with men born from 1962-68 (0.3 ± 0.4 servings per 1000 kcal per day; p < .01)
There was greater heterogeneity of food consumption patterns by current residence for men as compared with women (table 3) . Male residents of Guatemala City reported higher consumption of meat and soda compared with those remaining in the original study villages, and female residents of Guatemala City reported higher consumption of bread, milk products, and meat. Intakes of "transitional" foods did not vary by current residence status.
In men, higher parental SES in 1975 was associated with lower consumption of tortillas, and higher consumption of milk products and meat in adulthood; in Physical activity level, dietary habits, and alcohol and tobacco use S82 
Smoking
Tobacco use was reported by 42% of men in the sample and was rare among women, with only 12 women (1.6%) reporting current smoking; therefore, further analysis of trends among smokers was restricted to males. Fifty-five men (22% of smokers) reported smoking less than 1 day each week, another 67 men (27% of smokers) reported smoking 1 or 2 days per week, and 98 men (39% of smokers) report smoking daily. Typical daily cigarette consumption is low, with 194 men (78% of smokers) reporting consumption of three or fewer cigarettes on days that they do smoke; only 15 men reported smoking 10 or more cigarettes per day. Given the low frequency of reported cigarette use, few meaningful differences in smoking frequency were observed.
Discussion
In this paper we have presented the distribution of four sets of behaviors (physical activity, diet, alcohol consumption, and smoking) that are related to the risk of developing a wide range of chronic diseases and are markers of the stage of the nutrition and epidemiologic transition. Physical activity levels are low overall, and are lower among women than among men. With respect to diet, the macronutrient composition, as ascertained by this instrument, is characterized by heavy dependence on carbohydrates and moderately low fat intakes, low fruit and vegetable intakes, and some penetration of high-caloric density commercial foods. Alcohol and tobacco use patterns are strongly gender differentiated, with 30%-40% of men and virtually no women reporting use of either. Diet, physical activity, and tobacco use were assessed in the younger members of this cohort living in the original study villages or in Guatemala City in 1997-98 using the same instruments as in the present study [13] . In the 1997-98 study, PAL-24 (estimated using the original algorithm) was 1.63 among men and 1.52 among women. Total fat intake was 21% and 19% for residents of Guatemala City and the villages, respectively. Smoking prevalence was 41% and 37% among men in urban and rural areas, respectively. These data are consistent with findings in the recent study and suggest substantial stability of behaviors over the intervening years.
In the case of both men and women, estimated food intakes exceed estimated energy requirements adjusted for physical activity level and body size by approximately 13%. While some, but not all, of the differences between men and women in absolute reported intakes are consistent with differences in energy needs (and indeed it is also likely that a substantial fraction of this cohort is in positive energy balance and is gaining weight [10] ), we note that over-reporting by men relative to women was observed in an earlier round of data collection in these communities [13] , and in both the food frequency questionnaire and in 24-hour recalls administered to village residents during the instrument validation study [17] , although in neither of those studies was energy intake adjusted for PAL and body size. We suggest, therefore, that comparisons across sexes of absolute levels of intake of nutrients or foods are not meaningful, and that comparisons with other populations should be considered only after adjustment for PAL and body size. Within-sex analyses in our data are less subject to this bias. The database available does not permit derivation of intakes of free sugars, and the questionnaire was not developed to assess sodium intakes, as discretionary addition of salt was not ascertained.
All the data reported here are self-reported and as such are limited by the precision of the instruments and the potential for respondent bias. Further sources of error in the data management phase include missing and erroneous entries in the nutrient composition databases and in the assigning of metabolic equivalents to specific activities. Our assumptions with regard to the assignment of time to primary and secondary occupations, while rule-based and consistently applied to all respondents, may have introduced systematic or Physical activity level, dietary habits, and alcohol and tobacco use S86 differential biases that are not detectable in the absence of an objective measure. Hence, we urge caution in inferring that our sample (the women in particular) is highly sedentary, as we are unable to calibrate our physical activity levels to those observed in other studies. As a check on our results, we also estimated PAL-24 using the original algorithm as developed for the 1997-98 study. For men, the Pearson correlation between PAL-24 calculated using the original and the modified algorithms is 0.82 (p < .01), suggesting that the modified algorithm results in little change in either PAL levels or rank-ordering of individuals. However, the Pearson correlation for women is lower, 0.35 (p < .01). For many women, two activities are a prominent part of their daily life, household chores and child care. Neither are associated with high metabolic equivalents, but collectively these account for much of their waking activities. With little true variance in energy expenditure, small differences in the way these are accounted for in the algorithm can generate variability in the measurement of PAL. While there were differences in dietary patterns between residents of the villages and of the migrants to Guatemala City, we were unable to demonstrate marked differences between these groups of respondents with respect to the consumption of a set of "transitional" foods. This may reflect the limitations of the set of foods included, which may not capture the diversity of commercial foods available in the urban environment. It may also reflect the fact that these villages are no longer isolated from the outside world, and commercial foods are widely available within the villages, whether brought in by individuals who commute to work in nearby towns or in Guatemala City, or through purchase in any of several stores scattered throughout the villages.
Findings with respect to dietary patterns and physical activity levels need to be considered in conjunction with considerations of occupational choices and anthropometry and the impact of these factors on the metabolic profile. The differences in physical activity level between men and women, and among men across strata of current residence and parental SES in 1975 are largely explained by difference in the physical activity expended during work. This finding is consistent with results from a separate module administered on economic activities that showed that the highest proportions of men engaged in sedentary work activities (such as clerical or administrative work) was highest in Guatemala City and among those whose parents were in the highest SES tertile [24] .The strong gender differentiation of alcohol and tobacco use patterns has been widely observed in traditional societies. The relatively low prevalence of tobacco and alcohol use in the men of our cohort may reflect the high penetrance of evangelical Protestant beliefs, and may also reflect the cost of these items relative to income. Further research will be required to address this important question in detail.
In conclusion, the population is characterized by diets that are at an early stage of the nutrition transition and by moderately low physical activity levels. Alcohol and tobacco use are restricted to males, and are at low levels. Residents of Guatemala City appear to be further along the nutritional transition than are residents of the original villages or migrants to other parts of Guatemala.
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